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PURPOSE: To impart a plant with resistance to a herbicide inhibiting zeta- 
carotene desaturase of a plant as well as to a herbicide inhibiting phytoene 
desaturase of a plant and to enable the use of these herbicides as a marker in 
transformation . 

CONSTITUTION: A plant resistant to a herbicide for inhibiting zeta-carotene 
desaturase is produced by preparing a DNA sequence coding a polypeptide 
(phytoene desaturase) having an enzymatic activity to convert phytoene through 
zeta-carotene to lycopene and introducing the DNA sequence into a plant in a 
state to enable the manifestation of the genetic information. A marker for the 
confirmation of the transformation to the herbicide inhibiting zeta-carotene 
desaturase is composed of a DNA sequence coding a polypeptide having an 
enzymatic activity to convert phytoene to lycopene. 
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1 

S^Stfy^/^Ffca-FTSDNAEMft, 
[W#^3] DNAfiJH*. h5>yyM^HS3 i0 

[0 0 0 1] C»||©**) 

;^>T-7 ( Erwlnia ) fi*07^ M>rW ^ 
i7-1f (c r t I) bfcy>J-^>^» 

T&<, S AN 3 8 0H^ J 8 5 2^0D«i&>CE> t - tiU 

■rstt*©ffltl#tt, ftStflCErwinl a4*07 
^ hX>x1t^^^-if (c r t I) a&fr<D* mtiOO) 

hCDX&Zo 30 
[0 0 0 2] 

^P^y-f F (carotenoid) 
v>tft, ;rttS©#Ktt*ayy^ Ffi*fciEHLT^* 

(&vtiji. *». BSfeicfcits^n^y^ F©£a« 

IBt4«»tt, it¥t$L®, Vo 1. 2 8, No. 4, 
p. 2 1 9- 2 2 7 (1 9 9 0)M) B *D;Py< F 

^SIBSrffloTV^S (Rau, f. "Functionof caroteno 
oids other than in photosynthesis". Plant Pigment 
s. London, Academic Press, 1988, p. 231-255. (Good? 
in, T. W. ed. ) #JH) . BftTtt, tf^5>AcDB5Jffi 

#**££#tt&*vr*T*o, a^ftffltLTfeag 

S»tt, &tB£§B&, Vol. 2 4, No. 11, p. 6 50 



3$5B¥6-3 4 3 4 7 3 
1 -6 5 (1 9 9 0) #flB) . 3fcfcj*£frfcfc&^«£ 

*. -fV^>S*t-&**K«toT4CfcCii07r 

;p*'>;nfnu>tt (epp) c 5 co-rv^>x- 
JH£uU>K (IPP) a:fiS^T^C<htCJ;D, CjoO 
y^x;uy^x;i,t?DU>® (GGPP) *«ff5n*. 

2»?©GGPP«qS-&UT, M0®*o^y>f 
HT?»a«fe<D7-r FX> (phytoene) **-&jSanS. 

hx>tt, -a<o^fi»s*fcJ:D, 7^ hx>i>x 
> (phytofluene ) > t -*D9 1 > (£ - carotene) ♦ 
/<i U7k#U> (neurosporene) , Untf> (lycopen 
e) IcaftSns. 2l©U3t!>tt8lfcK*;fcJ:Dj8 ■ 
(fi - carotene) [C^&£*1, tK&£ 

**X**D^/>f Htf'&ricSnSt^ASftTV^* (Br 
i t ton, G. "Biosynthesis of carotenooids". Plant Pi 
gnients. London, Academic Press, 1988, p. 133-182. 
(Goodwin, T. W. ed.) #RB) . ±ELfcJ:5«C, *D 

#614* ttfeftffiBB E rwinla uredovo 

n^y-f Fft**«Wr1-*t^5aa©^tfefcj:D. E 
_r_^ uredovor a <P;frP^y^ HCD^^agjft 

^g)^;%> E r. uredovor a co^p^y-^ F 
^JSEIBBK*, 7^ MX fi-Aa^x yatx 

(Misawa, N. ; Nakagawa, 
M. ; Kobayashi, K. lYamano, S. ;l2awa, Y. ;Nakaniura. 
L ;Harashima k. Elucidation of the Erwiniauredovor 
a carotenoid biosyntnet ic pathway by functional an 
alysis of gene products expressed in Escherichia c 
oil. Journal of Bacteriology, Vol. 172, No.12, p.67 
04-6712 (1992), *3<fcrA *8H#&lc£*ttfflFtHjntt 
W3-5 8 7 8 6*i»R (4$S¥2- 5 3 2 5 
»*) : r*n^y>f Fo&^ic^ffl^DNA^j ) . 

Aus i c h l^U E r w 1 n 1 a jgCQE 
rwinla h e r b 1 c o 1 a O^D^y^f F^^ 
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3 

SL&Kifl E r. uredovor a <Db<DtmtT$> 
ZZtZWbfrlzLtc (WO 9 1/1 3 0 7 8^&?R# 
M) . *»W*6B, *fc, E r. uredovor 

D> *I§® ( Escherichia col i ) , X 
^/-MIMi Zymomon a s mo b 1 I i 
_s_* fit^^H^fflM A grobacter ium t um 
e f a c i e n s &g<Ptt&ftfc, 7^MX fl - * 
D^X 'J3t:x tf7*tf>^>&£©X##ny/ 
^ FSff StfSHtftoFffiteLfc (Misawa, N. ; Yaman 
o, S. ; Ikenaga, H. Production of 0 - carotene in Z 
ymomonas mobilis and Agrobacterium tumefaciens by 
introduction of the biosynthesis genes from Erwini 
a uredovora. Applied andEnvironmental Microbiol og 
y, Vol.57, No. 6, p. 1847-1849 (1991), £<fctf±fBtf)] 
ournal of Bacteriology, *±tf*S£W*61Cct5M 
e<0*ttf fflKWWW . E r. uredovor a co 

H» &fcS1^5&;i£fc*<O0ST*S. E r. u r 
edovora O crtEtcr t Bjtg^ Srfiy$-J-& 

3fr&ric«« Rh o d o b a c t e r capsulat 
ui^tf^y^f'JJ Syn echococcu 
s_ PCC7942 fciS^Ttt, g6«3Ca»©?f|ffllC ± 
D» ?<{ hX^iJ-^a.^— if (phytoene d 
esaturase) £3 — HfSi^AStlSJtfi^ 

IC3ftTV>fc*»<3&. LJndenSli, cft&cMte 
HcrtEtcrtB £«»T**»BI;:*A U ^ 

j«3n&*nyy>r HSHPLC-c»«f"rac;tfc«k 

0, %G$Mmto7 4 hx^xlr^^-if (c r t I 
&£^it&> Cr t I) *V-fDX*V>*. S&">7 
J WrV7<b7 4 hx>x^^^y-if (Pds) A* 
C -*D^>£, SC7<f hX>fcaKfcLT£j*T* 
£££.l£rJL£: (Linden, H. ; Misawa, N. ;Chamovitz, 
D. ; Pecker, I; Hirschberg, J. ;Sandmann, G. Functi 
onal complementation in Escherichia coli of differ 
ent Phytoene desaturase genes andanalysis of accum 
ulated carotenes. Z. Naturforsch., Vol. 46c, p. 104 
5-1051 (1991) #39) . £fc, Synechococc 
u s PCC 7 9 4 2<D7^ hX>x1r5 1 a ^— if«fi 



(3) »BB¥6-3 4 3 4 7 3 

fa7-fi£f (pds) *>> ifc, 7>f hx>^l 

^TWAMcStlfc (Pecker, I.; Chamovitz, D. ; Linde 
n, H. ; Sandmann, G. ; Hirschberg. J. A Single polyp 
eptide catalyzing the conversion of phytoene to £ 
-carotene is transcript inal ly regulated during to 
mato fruit ripning. Proc. Natl. Sci. USA, Vol.89, 
p. 4962-4966 (1992) #fl9) . «*©7^ hX>rtfa 
10 5— VJfi % 74 hX>£S!g£LTt - ADf>m 

If) ^SftfSlil" Tft*. Linden ZtDM 
$^-mfi6?(zds) ft, Er. u r ed 
ovoia^nf;< F££jfc»e?*£ftj;aUT5/ 
7JW7t x )7 An a b a e n a PCC7 120<fc 

•J 3K>S'ft*t*K*tlMlt4 Z i *"W3^fc 
(Linden, H. ;Vioque, A.; Sandmann, G. Isolation of 
20 a carotenoid biosynthesis gene coding for £ -car 
otene desaturase from Anabaena PCC7120 by heterolo 
gous complementation. FEMS Microbiol. Lett., Vol. 
106, p. 99-103 (1993) #M) # L*>U CflMtfc^© 

[0003] (smomm 

7Srtt?rV7t E rwi n 1 a fctettSfl - #D^> 

^fU7) £ Erwi n 1 a ffi? t ±<HC«IB*S 
L (Sandmann, G. ; Misawa, N. New functional assign 
ment of the carotenogenic genes crtB and crtE with 
constructs of these genes from Erwinia species. F 
EMS Microbiology Letters, Vol.90, p.253-258 (1992) 
#B8) , 7$;&&m\''<)VTZh, 3 0%^©7-fx 

oT. GGPP^- Vt74 r*X>v>*-if(4, 
40 a*jBATA<«ffStiTl^J;5T*«>, 7* 
hX>7U-fa5- Iffcfc^Ttt. (*5^tt5/7 
V/^fU7). £ Erwi n 1 a fflT> -£-cD«t|gteJ|fc 
oTV>*, Tfttot, niim<074 hx>7 f ^ 3 .^-if 
**, 7-f M>tMttTt -*Df >*TL*^* 
T*fcV>0fc#UT. &#CD7^ hX>x-9*^3.^-1f 

cr t iB7-f hx>*awtuTU3ir>*t?-&ja6r 

H>7iffa5- tf fc^ay-tt-flloN - 
50 7^ FX>5 f *?a5--KO«tBtt. Jt^jSttBCDfeO 
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(4) 

5 

<07.f hX>x1f5 1 a^— ifii, J)V7)VyV> (norf 
lurazon) *>7;H)F> (fluridoa) 
l»S3WifftfftSI»?a!l©fffflaS(tT** (Sandmana, 
G; Boger, P. "Inhibition of carotenoid biosynthesis 
by herbicides". Target Sites of Herbicide Action. 
Boca Raton, FL: CRC Press, 1989, p. 25-44. (Boger, 
P.; Sandmann, G. eds ) #JR) . J )]/7 )V?V>^>7 

H>tt»**l6[«fca»rs#ai^H*» (non-co 10 
mpeti tive inhibitor) Z tftftbtlT^Z* E_ 

rwini a (Q7^ bx>xit?a 5— ifC r t lit 

T£3 e ¥^ Ausich £14, Erwlnla 
e r b i c o 1 a c07^ hi^Wa^- tfite? c 

g/ml (2. 6izM) ©/;P7;P5l/>Sr^tfiS« , r # 
5 (KfSEWO 9 1 / 1 3 0 7 8«&«*JH) . &** £ 
«^A3}gHCft#(cfcViT, E r. herblco 

a***, m^, *»M#6»4, 3 ^M»a[coy;i/7;^7 

V/>*£WS»Ttt* ^A'n in vltr o*#tf*IE 
*fc**T#*J:5lctt**-&3jt*-5Ctt*|fc6Sllca 
BLT^S. S AN 3 8 OH^J 8 5 2*©:/>J 

SCfcjWO&ttT^* (Boger, P.; Sandmann, G. "Mod 
ern herbicides affecting typical plant processes". 
Chemistry of Plant Protection. Vol. 6. SpringerPu 40 
bl., 1990, p. 173-216. (Bowers, U.S.; Ebing, W., Ma 
rtin, D. , Wegler, R. eds ) #HR) .in v i v 
in vitr o&t£, SAN 3 8 0H4&I4J 8 

p5 l >x-y-^^7»if$:m^T^^^jic*f*r^E r w 

i n i a<27^ hX>5rU-g i J .5- J t? c r t I £*AL 
d:5^<> ^y/^f'JJ^^-^JD^TWa 60 



4 3 4 7 3 

E r w i n i a< Pc r t IitG^SflJfflb 

[0 0 04] 

SBSx^^XT ( Erwlnia ) <E>7>< hX>x1J- 

^3.5-* (c r 1 1) aeTssfiiffl-r-Bcticfco, 
y;i/7;i/7y>^7;uu H>©±5a**o7-f hx> 
xit^o.7— tf*B*-r**sa«WTa:<» san 3 

8 OH^J 8 5 2mom%}<Dt - * ti^y^^zLy- 

7>r hx^suntr^fc^jft-rftBsjsttft^r-rs^u 
^^HS3-H-r*DNAE«ie* -to»eflHi««« 

S Sic, *$8HMU ± ISDN ABE #l 

ffl, -f&fr^ 7^ hx>&unfcr>fc3E»-rsB*IS 
ttSW"r^^ , J^7 r ?KSn-H-r^DNAE^t,^; 

[0005] cxH®A#ttBH« *«wtt, 74 hx 
^sua-tr^fcsmrsBBStts^-r^^u^? 

h\ "Tfeto-B^-r hx>7*fa?-lf (KT, c r t 
ltt>^5) Sn-HT^DNAie^J (HT, 74 hx 

>5 s *?a5-**H*T*B*afc»UTBttft=rr 

[0 0 0 6] £ -^ay^y-tfya^—gBaPlKgaifc 
»TSBttMfcCDg» 

fc»TftBtt**tt, 7-f hx>*gnbf>ic«»r* 

(74 Kx>xit^a7— eae^) ^»Asn» ±12 
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(5) 

7 

^'J^^HSn-H-r-5DNA6e?lJ (74 M>?t 

*tf6*l*. ±E2D NABH5IJ (74 hl>f+tfa5- 
■KJtfiT) tt, 3-Ff*#y"WP*», 74 hx> 

««i:LTtt#3fr&J*B«*ca54X;^-f=7 ( Erw 
i n i a) JIliJ3fc©74 M>7^fa 5— tfag^f 
(c r t iae^F) ©DNAKJflfcfctfSJliat-T?* 

£. C53i;W^=7Ift*©c r t iafe^tt, 7 4 

&«. x;p**=7K»«a*©«e*il,Ttt, A# 

WlCfiiftiAfcZ. E r . uredovara gc r t 
1 36f§^£{£ffl"3"5<l£:#T£'5. £©c r t I »fir? 
©£SKJ*J©PMfflK:tH>Tte, MECifcS: Journal of B 
acteriology, vol.172, p.6704-6712 (1992)IC, 3-F 
Sns^U^^F (74 M>Ttfi7- if (Cr 
t I) ) ©75y»E5lli*fcw*nTV»*. ffifflf * 
DNAE^Jte, crottXfcjSanfcfc©©^, 1^-© 
tfU^T^FSa-FUtfia F>IC43V»T©*8£E 50 
£J*<Sfc*«fi£tt{rc , b«i:V> d £ «V>3 £T<bft< . 
S&fcfeL 7SyKE?'J4 , 0-SScD75/KwS«. * 
*. »A**WM»fcE©75y»«*t>L<HJHI 
J&»*oTt>. 74 MV^tfa?- tfStt*H»l/T 
'J Hfc»*f **«EJII**r* fc©T& 
ntf«fflpJfBT*3. x/H>-fX7»««**© 
SG^iLTfi. Er. h e r b 1 c o 1 a ©c r t I 
itfcT OtflSEWO 9 1/1 3 0 7 8-^iiM4i«#SH) 
fcflJSSn, r©«SE?iJlcMLTfc. ±E E r. u. 
redovora ©%££fql&l::, ZWt 40 

75 y»«HK»«-r«ttHIEWOfcO««ttfflT**. 

cns©DNAE5ij«. -fif*fc«±es&'fb#'&fS-r-& 

Ci««Te**«. ff£L<tro*«©ttffS(#&ft&K: 
<fct>74 H>f*fa9- tf*a-H"r*yyA»fi 
*fc*fr>ttcDNA***l,Tl»*Efc*lT** (±13 
iiBB4i«*#fl» . ±IB©i5*DNAE?"J (74 hx 

K4»4ftt»T. *©ft&1MRtfKOTtt&:ttftTlt 



ftBH¥6-3 4 3 4 7 3 

tt*©fc©#^«IIBT**ia«, «F*L<ttpB I 1 
2 lfciTSfctf-SJIitfTirS. DNAE?U«:58S31* 
T-eflJ&*3-F'r6#'.M:/9 l F (7-< M^fa 

©tele, ftapjftEaitf&ST&'D. *©J;7ftS£S!iB 
®WMt LT\$tttfL\i % U 7 7"7-tlf4 £-74 
63)5© 3 5S7*n*- : ?-& < !i£ffl<,>*;:£#Tt-5. 
S6fc. *4Snfc#U^7*?H <7<< hX^fr-frya. 
7— » £S8BS©ft£©«f9r (fc&A.KXft*) IcttS 
b&V>»ftfctt. 3-^4 >y**0±«fcliafc*« 
Jlh7>yy h^T*? 1 F S3- F? SttSBaftt £ 6 lz 
tfjtaT*£fcfcJ:D*©|ia^«fc&*. YJ-sVy 
hiT^Fta-p-rsEWil/rtt. 132 
KSStl5<t5K, x>F"7©Ru b i s c o/M*-7"a 
xy FOh5>5?y h'ST'^FSa-FrfcDNAEJfl 

r# 1)^7*3^ £3- F-fSDNAEjaij tt, £©#U 

v h^7 r ? 1 F*3--F-tSEJiJft£££tJ.k5frDNA 
EJ>J*t>fi* , * , * , b©ir*. #§MM6E*K>h5>3> 

? ^7>F&3-Ff *E3ajfti*©ai&&svMa;:n 
S**trR«***-*©fMHc«tt-*J6*W&*«K 

r**tt»©3te?iMi!j , aes • tnt • n * (aw 

»T0 1983:12,Vol.28.No.l4, *&H]jKtl&&tt. pl55 
l-1568©|E«»C«fc t*) t»* C tjJUT # *. 

*&. ^©DNAE^lJ (7^ hX>7i)-?D.7-V&&. 

Stt>!f©7jS. fci^.^i'nAi'^'JyAroT i 7*7 
^SFt^^-tl/T^Vift***, ffi«37"nh7*7 

as*. jie^S«Ab<k5tr5««!i©as^tci£:D 

: rae^X^M^TWafiffi©a«t^*j *«3A- 

■ifl20, **fl:*BA. p233-264#M) . 

«»«tft**4fcttMIEUfcnD-C»*««. «GHP«A 

JJ«T#*. DNAE?!I (7-< hX>5**5 l a5— fe'iBfi 

3»>*Adti^»KCsji#a. »«©*« (fctAtf 

iUEa«i • notrftfl. ^ftfl:^ • «T92 o, 

WA. pl53-161#i» ickos^^-a-, tttttt^eil 
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9 

ttT&<, S AN 3 8 OHt J 8 5 2m<Dm®}<Dt - * 
□ ? > x -9- ? a. 7 - if * T 3 ®^ 2>J \ZM U T B tt £ 

-RWfc&ai©** rat 

tt¥«lft&J : ft£*0r^SR^a. 1975, mut I 
V. pl99-254fce*CMEri&) 

[0 0 0 7] c -ftp^yfryay-ifae^a.fctf 

±ES AN 3 8 0H&&W4 J 8 5 2 *<D:/iJ— ?>2f 

3-Htl)I£f(:iLTH gi5>-7y/X^x'J7A 
nabaena (PCC 7 1 2 0) ZKDJlfiTWif 
n— ->^afn&tt*^"r?»5 (fJEFEMS Microbiol. 
Lett., Vol. 106, p. 99-103 (1993) #1$) , *©7S/ 

Hr*WJ««^SeE*Tfc^<«V^t39i6, E rwi 
n 1 a ft>7-< hX>x1f^i^-if®eT^fiJffltT, 

Si5->7yA^xU7^e»^n-->^$n 
fcrc^C - *n5P>^5Pa.^--£ii£^z d s coms 

7^yKffi^"J : £T"ctc^$nTv^^5^5^:^a 
i/7;/tjfU7*tiiicD7-f hx>f 

BHi^JLfflStVf* Erwln 1 a ^ Rh 

odobac ter capsulatus (07^ hX 
>Tlt?a7-fC r t I £#53 5XiV>5St*«V>* 
tPy-^Lf;, S» Erwlnl a CD 7 

5— etH«IJfi^«t<«TVi-5t%jt6n«fl!)T, a* 
^*C^tltf, Erwlnl a £)7^ hx>r^a7- 

SHTS1?*5 3. 133-5 IC, v7/A£5r'J7 (Anab 
aena) f&*co £ - % n^>x1r^5-1f}tgT £>&g 
EM:fe<fctf-t;:*>&«£l,&7S /ilE5!l*jRUT** 

H OESEM* J; Zfn - F 2 n* # 1) ^ F 0 
[0 0 0 8] 7^ hX>g g »y 3L 9— ggg^O^a 



(6) ft&8¥6- 3 4 3 4 7 3 

10 

E?J, *T&:b^7^ hx>x^a^— i? (c r t I) 

Stt«©*K<EftSafc*fc*^T, S AN 3 8 0 H&£ 
W4 J 8 5 2^£>fitfee - an^xU-ya.^— tfSH 

io tz.*>, ta«<z>#ft£&%iftHu mwiigg Agr ob 

a c t e r i urn t urn e f a c lens <DT i 7:7 

^ tf (c r t I) «fi?*£tf*:J-Y>fv>Btt 

5 7^ F£^ft-£7^DA^<J^A 
( A. tumefaclence ) ©flS!ftK«koT*fr 

(SAN 3 8 0 H) fccfclWj^Y'f 2/ 
>0**©i&JlU:T«*L&i;i3, SAN3 8 0H£ 

felE^lc^WLfc. 

^^fbfc < h^5> 7^ hx>x*y-^^^"^®e^£* 

N3 8 OHiC^t), ^3KBeTiUTO*^V-f5/>« 

ttae^^WAsnfc***, 

StT€r?£:t^5Ctj&%^ofc, It^T, E rwl 
nj_a©7^ hX>Tlf?a7- tffifi^tt, S>^©^ 

49 (fctA«**jBttae?&if) iris**© 

^SK^»^ic*5ViT> san 3 8 onm<oz -*n 

[0 0 0 9] 

: ^^7,5 h"pYP I ET4©f^S! 

50 *tiTV»a:ls«^ W»a*t6 (Sambrook, J. ; Fr 
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ii 

itsch, E.F. ; Maniatis, T. Molecular Clonig: A Labo 
ratory Manual. Cold Spring Harbor Laboratory Pres 
s, 1989) fcg^T^S. x> H9©U^P— X - 
1, 5-2'J>K (Rubisco) S5ffift©h7>y 

yh'^pfcn-p-raew (t P ) lau 75xsp 

PSNIF8 3 (Schreier, P.H. ; Seftor, E.A.; Scbe 
ll f J.; Bohnet, H.J. The use of nuclear-encoded se 
quences to direct the light-regulated synthesis an 
d transport ofa foreign protein into plant chlorop 
lasts. The EMBO Journal, Vol. 4, p. 25-32 (1985)# 
1H) #62 0 4bp©H i ndlll -Sph HgifttL 
X^t&Lfto E r . uredovor a <D7j 

H>r^a7- BBC? c r t I Z%?Z>7y7>$ 
m^pCRT-I (Fraser, P.D. ; Misawa, N. ; Li 
nden, H. ; Yamano, S. ; Kobayashi, L ; Sandmann, G. 
Eipression in E. col i , purification and reactivati 
on of the recombinant Erwinia uredovora phytoen 
e desturase. J. Biol. Chem., Vol. 267, p.19819-198 
95 (1992) mm) OamH I £H 1 n dill 
itLTz'&, N*05-fflS:^ifeL&c r t I £<&trl. 5 
7 kbOB amH I -H i ndlll (rjt*#«lb&, * 
fc, c r t I ©HSfin F>a^6BamH I«Bffi*T©7 
6 b p<Z)gE^J££££L£o COc r t I H>lc 

sph i©*S3»*ssfei;4«t3fc7 f if^>bfc. 

*LT, ±E"C»fc3a«OKM-S, tp*fttT2 0 4 
bp HlndHI -SphlKfr, MLt7 6bp 
Sphl-BamHI grtf% N*©-« c 
rtl£^fcfl. 57kb BamHI-Hi ndlll 
ffifi-<Dm~V$£^Ltz 0 CoLT'&tcl. 8 4kbcDHi 
ndlll #r#£, Klenow»MSim 
tt (#) *^iALWtU-^^-pBI 121 
*SSma ItSacI \Z&Z>~mmit\Z<k 0 P - if)V 

-f^^;i^ (CaMV) (03 5 S^D^E-^-CDe¥ 

^7X5 H$ pYP I ET4t*^tfc. pYPIET 
4(C*tt$, tp-crtllfifS^tJl. 8 4kb 
cOHlndllJ WH-BB^fcEmCsRLfc. 
[0 0 10] *&fl|2 : 7yD;WfU»)At*lfc1l 

^SHpYPIET4li AJW^7X^HpR 
K2 0 1 3&JBC>fctt£fi£S (Stay, J.H. Plasmid t 
ransfer in Haemophilus influenzae. Journal of B 
acteriology, Vol. 139, p. 520-529 (1979) #R8) Ic^t 
0* Agrobacterl um tumefacie 
ns L B A 4 4 0 4fc«AStlfc. y^XSHpY 
P I ET4$tf5A. tumefaciens ^ 
U-7f^X^S (Horsch, R.B. ; Fry, J.E. ; H 
offmann, N.L. ; Eichboltz, D. ; Rogers, S.G. ; Fraley, 
R.T. A simple and general method for transferring 



(7) &81¥6- 3 4 3 4 7 3 

12 

genes into plants. Science, Vol. 227, p. 1229-1231 
(1985)#$0 fc«kD^/1:3«lfe ( Nlcotiana 
t a b a c um varieties Samsun) 

fi\t. 10 0/ig/ml W7<y>, 5 0 0 /ig/ 
mlMHz^iJX lmg/l^>^7r- 
X 0. lmg/10NAA££trMS»ifi±T?* 2 6 

1 6WriB3tH#T» 8 mm^yo^wvfj^n 

[0 0 11] HKW13 : 7-f hX>TU-fa5-«fi 
fcrt I ©W»#T?0>553S 

±E<0^3561CJ:0, It2 8 v-f ->>»tt*HC 

JH^AnSMLft, c r t I »fi^Eft (CrtI) 

^cossa^Bsftsn, h7>yy h^^H^awsn 

«*n&tp-crtHfi?iftB, h7>v>yr^ 

it. crti »c#-r«a*ftffiVifcfta*a^«ktH*« 

J0 a«K^*#©lo (ET4-1) *>6©3S*flBl>T» 
CrtI OttfrfcBairs&ttTTKASftff ofc«, * 

Vivo, A; Andreu, J.M. ; Vina, S.de. la. ; Felipe, 
M.R.de. Leghenoglobin in lupin plants (Lupinus al 
bus cv Multolupa). Plant Physiol., Vol. 90, p.452- 
457 (1989)tCS^Tffo^o *<Df£%, ET4-ltC 
fcl>T> c r t I 0*a»3^*»*rtfc«Da*tU -t 
<Dft<D8 9%ffiTytl^ FJW£»frUTV>* 

40 nlCfetf^ftft^ttTOJEJBtt, ET4- 1 <D1 0%& 

[0 0 12] £|fcff4 : 7-f bx>f*fa5-«fi 
?c r t I»a*«#0/^7*5 % />»tt 

^7JV?V> (SAN 978 9, 4 - c h 1 o r o - 5 
-me ty 1 ami no • 2 - (3 * t r 1 f 1 uor 
50 omethylphenyl) - pyrldazin- 
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(8) ft§B¥6- 3 4 3 4 7 3 

13 14 

3 (2H) one) St*tt**K>S:tS&lsMS *a*<0*»£frofc. 

f6ttfclB*U 2 6t, 16P#K«WT, 8P$mPtH [0 0 1 31 *««5 i^U-^^^^atHttb? 

*UfcV>*/tnt>Httfcffo&. -tote*, ET4-1 ft«4tt^*ta**fcJ:!5 c r t I 

^^ycoaatt/haf^tjfc. 3SD0 3*lCli» ±<7U ttHtefr-sfc. in vltr oT*«TSftTVi-5ET 

u&**ot, ta#£+iM£ 4- 1 t*jBHK*k^yin*6, -^n^n, 

T, t^-COi n v I t r o^;l3««# (»IME»b i0 Jl<7 Vf>£***tt#Jl^>*^*&V>M S igiftlCBJ*; 

y;P7;p^v r >^ j &^ii%*:;i/ ; E>^^^a^MSS* t> nam, ig«£fT-Dfc. w*fcyu-3 1 >^B 

tBflcb±BatH«©*frT*«ftfr3t, 3>hn- aenfcjv. ^u-^^coaatt, et4-i±d:i 

;no+fctt, #ji±, «»tt*tssH*o»tts^rr > hD-jKo»@e»^;^^»ofc fl cms 



ft 3g a>hn-;i 










3MM/;V7;i/7V>#ftT 


*nf;<Hft« i. 


3 


0. 2 0. 9 


7^ hX> <0. 


1 


0. 6 0. 1 


^UD7^;i/ 8. 


9 


1. 5 6. 1 



3 tiM;)V7)V7V>ft#TFs ET4-1T11 

y-f H6ii:^DD7^j^in y;u7;u7V>^Jn 

-<;^*tfelC8 0XK±©«^S:«U 7^ hX>r 
;>7;i/7\/>SsiJD&* 6 BBfc^ I J-5 L >d/*«B*6n 

1 1 BBfc:/y-?>4WB6sn»8&fc, a±© 

IB**!), ET4-1H, J)Vy)VyV>\z^hX. & 40 Hb2] 

*aflEo»att*a»uT^-6tisaufc. hbkl 

t* y;u7;u7y>fc^T^<, i^7>{ hx>f 

KH*aT*S7;PU H> (EL 17 1, 1-m 
ethyl -3-phenyl - 5- (3-trlfl 
uoromethylphenyl) -4 (1H) -p 
yrldone), t - * Pf>r*fa7-1? BSXO 
TWSAN3 8 0H (TEa£3#!H) ^J8 5 
2 (T!B#iiS^#ffi) i:»lTfe, fitStta«±#lT^ 

a?^6»3PLfctttt4h£fflViT, uoyj-f 50 



>y»»a»tttt*j*ttfticsw»«tn*ct**BU 
&. 

Mfcl] 

CI 

I 



0— CH 2 -C-CH 2 



CH ; 
CH 7 



3 ^CH-NH-4 




SAN 380H 




,OCH 2 CH (CH 3 ) 2 



NHCH (CH 3 ) 2 



J852 



[0 0 14] : 7V-*>i 

3 tiM<DS )ly)ly*/>*:'StSMSt&WV±<7y<-? 
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(9) 

15 

^»SS!H£Sttttt»*fTo&. in v i t r oTig$t 

^ftViMSm £J;lA 3 uM<D7))/*) H 
»*;i^>£$S&V>MSi8*IC«flcU 2 6t, 16 
BSIB3£!IBST\ 8RIW«FilT©*fr-e. 2 8BBQ, 
Sfrofc. 1 0 iiU<oy)Vy)VyV>. 3u 10 

ET4- 2 0 8»Ctt, 1 0 vM<DS)l7)V7V>* 3 tt 
< , H CD i n v I t r o BSJHS^Sfclr* 
fc. 2 biC, 1 0 uM(D/;V7;l/^V r >#fiTCDET4 

V>MSJglftT58*LT^*ET4-2 0 8 t^^M^k 

U-?>WB*5fti&», 2 5 H&rtfcttJELfctf, 
ET4- 2 0 8H ±<^U-3 1 >y*S-rSC:tJi< 

iE^tr^wu y;P7;i/^y>^^2^r^^rtics : ? 

W^Ii^ ET4- 2 0 8H 7^ 
[0 0 15] 7 : h7>Xyi"7^tt«lOC - 

^SKtttt»Sfro&. in vitr oTJgliSftT 
l^ET4 - 2 0 8 i»IgI^/^^f,, 40 

1 0 mMOSAN 3 8 0H*^*«tt*;H6>£**tt 
V>MS igiffi, *±tA 2 0/rMOJ 8 5 2&^«ft# 
;HE>**Sftt>MS«ftfcfiB;U 2 6^, 16^ 
JfcJHItT. 8RrBBl»fllT©*frT» 14BK> «§6*ff 
-fcOlS** 1 0 MM05S AN 3 8 OH, 20/iM 
O J 8 5 2 tfel:, #»RC»^/X3^*^Ttt, 

4 - 2 0 8l;:WU 1 0 mM©S.AN 3 8 0H> 20yM 
©J 8 5 2 tt>lc^<yu-9 1 >yttB86 6na:<, C 50 

—567- 



&&8¥6-3 4 34 7 3 
(Din vitr ottfefttt. ^J^^^^igST 
IC, IOmM SAN 3 8 0H#ffiTOET4-2 0 8 

ic, SAN3 8 OHSinAJi^a>hD-;vtHi;"eft 

«»T3S«l/T^*ET4- 2 0 8 t#»HCa^7t3 

s±«ic»*u 5 0^ a*o*-ca*ufc«, 10 

MMCOJ 8 5 2 ft^tr**^tttf&. #&ffl&fej'/t 
J 8 5 2SlDft t 1 OBBfc^U-J^iWB 
^en^^, 4O0Kftfctt5ELfc*t, ET4-2 0 8 
tt, ±<^U-3 L >yftsr«J:t«l<iE«fcfeWU 
J 8 5 2^UD^2^H«rtlca : F&^L^ «±©IS 
*«kD* ET4- 2 0 8H J )Vy)V?V>*>y )W Y 

ymvmmmoyj bxy^^zLy-^mm-r^ 

U-"9 t >y»?»fc»l/T«WTtt<, S A N 3 8 OH 
-W 8 5 2»©c - An^>xit^^^-if^m§r^ 

[0 0 1 6] ^K^|8 : C - ADf>7*9 1 a7- KE 

ffo&. ^7X5PpYPIET4Stt*A : _ t u 
me f a c i en s flS-&ftgJflHT, 'J-7T^X^ffi 

(Horsch, R.B. ; Fry, J.E. ; Hoffmann, N.L. ; Eichhol 
tz, D. ; Rogers, S,G. ; Fraley, R.T. A simple and ge 
neral method for transferring genes into plants. S 
cience, Vol. 227, p. 1229-1231 (1985)#SB) fc±D.. 

( N i c o t i a n a tabacum v 

arietiesSamsun) ^©jgjfcjaiisfj^ 
Tz. 2 BID), 7^-^-yi/-h±T«*Ufc«, &5fe 

fflabfc^^^osift, *^-T<-»©3Ebofc2 o m 

MOSAN3 8 0H^ 3 0 0 /x g/m 1 CD£ y y 
*y>, lmg/l^>y^7r-X 0. lmg/ 
1 ©NAAS^tTMS^l/— h±(C»U, 2 6T:, 16 

> hn-^bT* 3 0 0 ug/ml^^77^7X 
lmg/10^>j;;l/7f-X 0. lmg/3CDNA 
A©*£^tMS:/W-K fccktf, 100/rg/ral 
C0**-7^.5/>*^-*, 1§§ u%/m\V>>?yy*y 
>, lnig/l0^>^l/77->, 0. 1 rag/ 1 CD 

2HM*#C t^i;yi--h±lre^Lfc 0 SAN 
3 8 0Ht>*^-v-f 5/>fe-&Sj&:Vi3>hn-;Ko^l/ 

^«4jSPflgici4> m^-txz-mztuiTst^ 
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&#1fi&fStetl1t. **4HWBTf4, l?\s-hi>1£ 

tTH>OJEtoDI:SAN3 8 OH**&to^V-h±. 
Tit, J&<4ilMS£HU lr/P-hafeD, 2 0flS 

S AN 3 8 0 H 

K^T, i:7V-h»fctK 3«©iE*fc4*"rSiRfi 
»4> 1 0 0 u g/m 1 <0**-v$"f >fc<&tr:/l/- hT 

LTfcjE«fc£W"r*Zia«T*fc. *fc. SAN 3 8 
OH&atr^U- h±T*jacLfci»fe<!!)=F3£3f 

SS*S*fi#DNA£ft#U it1f>^W^fr3CiiC 
<fc!K crt Iiie^ta^^^KffitfiTNPT 

t\t, M-7-*-ttTOSAN3 8 0HtIJ;i9, ^ 

tt«#SraftT*&t^5C:t*a*UTViS. 
oT, Erwinl a Q7^ hx^-ff^n^ — 
fcrtl 14SAN 3 8 0H?O£ - *Df>T^a 

[0 0 17] £1*019 : '>7y;tJr'J7©C -*D^ 
>x^JL^-ifitfi^z d s <D&gE?ycoft£ 
L i n d e n f»iaoT^D-->^tlfcy7; W 
t'J 7 An a b a e n a PCC7120(^)£ - *Df 
>x^A5-i?»fe ; f-z d s (Linden, H. ;Vioque, 
A.; Sandmann, G. Isolation of a carotenoid biosynt 
nesis gene coding for t -carotene desaturase from 
Anabaena PCC7120 by heterologous complementation. 
FEMS Microbiol. Lett., Vol. 106, p.99-103 (1993)# 
88) ©JMEBIOftSSfc, x*7*£U7— Kill t~? 

^Sas^^HSn-H-pJUfti 4 9 7 bp©t-^ 
> J J-x^ >?7l/-A«$nt S3 -5 (EJU 

syKE^ssbft. c - *D^>x-9*?3.7— t?»e 

?-<0*SE?»tt>73 y»E^H4c:©ttft*tftSlT*«>i 
SSfc* Genbank, EMBL©r-^-^X^ 



(10) ®|Pl¥6-3 4 3 4 7 3 

m*T. zdsjt&PSW (Zds) ©^a^ftjd 

Fxtr? 1 ;^— ifJ4, Rhodobacter c a 
psulatus oc r tDfilfttt. T-*T* 7^hX 

-J^Basn&Olt Erwinl a fc R. caps 
ulatus g)Crt IT&ofc, 1^6-7 Zds 
t Er. uredovor a C DC r t I > 
J0 R.capsul a t u s tDC r t I CP75 7 &BBff](P 

^trrClS** Z d s 14, E r . uredovor 
a. (DC r tl, R^ capsulatus O 

crtit, -en^n, 3 6%, 3 4%co7^x>x-< 

■r<f-£^bfc. ttft*5/7;/Wf , J707-< 
hl>f^a7- tffctt* -«©N 
T, K^:^^:* ; EDy-^4B^^>6na:*■^fc• -(DM 
tt, NAD^FAD»Oit»*fl!)IS'&*«T**t«)t 

a? chococcus PCC7 9 4 2(07^ bx>x1* 
^.a.^— ESfg^p d s (Cbamovitz, D; Pecker, I.; 
Hirschberg, J. The molecular basis of resistance t 
othe herbicide norflurazon. J. Plant Hoi. Biol., V 

01. 16, p. 967-974 (1991) #flR) , fc^tf, X<D 
hx>7*fa7- tfp d s 1 (Bart ley, G.E. ; V 

itanen, P.V. ; Pecker, I.; Cbamovitz, D. ; Hirschber 
g. J.; Scolnik, P.A. Molecular cloning and express 
ion in photosyuthetic bacteria of a soybean cDNA c 
oding for pnytoene desaturase, an enzyme of the ca 
30 rotenoid biosynthesis pathway. Proc. Natl. Acad. S 
ci.USA, Vol. 88, p. 6532-6536 (1991) #flB) Sr^fcrfr 
T0 6-7IC^Lfco 
[0 0 18] 

u^T^*Tfc9a*icanfc*pyy-f h^jssb*© 

*T, PS- £»MT#«14SWLT^*S*T»*. 

fiftfciS^T, 7xhx>)5^ 

fffflffliiT**. Erwinl a Q7^ hx>r*fa 

fcS*5 f *5 1 3.W->'3 >K*Sft-:3©S*TMHET* 
$B$T%9 (jttGJournal of Bacteriology, Vol. 17 

2, No.l2, p.6704-6712 (1992), *«kt;*5SlH*6fc«k 
*WE»fFfflBM«l») * Erwinl a g)7^ Kx> 

t4> a«E*Tic-t ©aiB^ws&Mc a nr^s is < ^>^<d 

5^ ^!fe<07^ hX>xii-5 1 a.^— tfC04 ) Tt4P6— 05'fcODT 
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(11) 



^m^6-3 4 34 7 3 
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S3. tti)&Lfz&o\Z, E rwi n 3 a cpyj h 
««*»^T^,tasnftViCt*6, Erwlnia g) 
-?Z>£t\z&K>* »©7>< hX>x+^rL^— tf£[E 

•5^><, y7;/^f'J7 Anabaena PCC7 
1 2 O^SJKOBDSSn-K-rsite^^n-r:^ 
*nfctf*DTT*D (I6EFEMS Microbiol. Lett., Vo 
I. 106, p. 99-103 (1993) #fl» , *<07^jm®Mifi 

SltW**a*E*Tfc^<aHr^t^6, Erwinia g) 

-(DC -iDy^U-^a^-iaieFStttt. v7; 

"3\ trL5> Erwin i a ^ Rhodobacter 
capsulatus hx^xif^ju y— if £ 

E r w i n i a CD7-Y M>T^a7-^^i 

^.h^^^n^^T, SH#T*n«, Erwlnia 

GATCGCTCTA CAATTTAGTC TTTTGCGAAT TAAAAGAGCA AAATTTTTCT TGGTGAAAAT 
CAACCGAAAA ATGAAAAGAT GAGAATTTAT GACGCAAATT TATCACCCAA ACTAAACAAA 
TTTCCTTGAT TGTCTTCAGC AAGTGTTTAA AAAATATAGG CTGCCTAAGT AAACGAGGAG 
TTCATCT ATG TCT AAA AAA GTT GCG ATT GTC GGC GCA GGC CCT GGA GGT 
Met Ser Lys Lys Val Ala lie Val Gly Ala Gly Pro Gly Gly 
1 5 10 

TTA GCT ACA GOT ATC CGT CTT GCT GGA CTT GGG TAT CAA GTA GAA ATC 
Leu Ala Thr Ala lie Arg Leu Ala Gly Leu Gly Tyr Gin Val Glu lie 
15 20 25 30 

TTT GAG GCG GCT GAA CGT GTT GGT GGA AGA ATG CGC GGT TTT GAA GTT 
Phe Glu Ala Ala Glu Arg Val Gly Gly Arg Met Arg Gly Phe Glu Val 

35 40 45 

GAT TCC TAC GCC TTT GAT ACT GGC CCC ACT ATT CTC CAA CTA CCA CAC 
Asp Ser Tyr Ala Phe Asp Thr Gly Pro Thr He Leu Gin Leu Pro His 

50 55 60 

TTA TAT AAA GAG CTT TTT GAG GAG GCT GGT TTA AAT TTT GCC GAC TAT 



20 

oyj n>f*?a5- ttttcoc -*d 

?>7v?^y-v£mwrm*mttz%t%mtn&$: 
omm.m$&mt, mmmuw a grobacteri 

urn tumef aciens COT i 7yZs^ FCDfti 
*%W\z&$, yj hx>SU3br>»cSE*"r^B*S 

t, sjvy)V7 Yyokoummvyj v 
^>?v?^y-v*mm^*w^mtmxu<, sa 

N3 8 OH^J 8 5 2m<£>mmOZ -^n^>x^a. 

[0 0 19] 

EWSfl- : 1 
E?»J<0g3 : 2 0 7 6 
EJB<Z>g : fttt 
SgOgc : -*« 

E^Jcoa^ : Genomic DNA 



: v7y/\^xU7 Aoabaena 
: PCC7120 



60 
120 
180 

229 



277 



325 



373 



421 
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21 

Leu Tyr 

GTT CM 
Val Gin 
80 

GGT ACT 
Gly Thr 
95 

CTG GCA 
Leu Ala 

AGT GAG 
Ser Glu 

GGC CCT 
Gly Pro 

AAG TTT 
Lys Phe 
160 
CGA TTT 
Arg Phe 
175 

AAA TAT 
Lys Tyr 
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Lys Glu Leu Phe 
65 

CTC AAA 
Leu Lys 



CGT TTA 
Arg Leu 



CAA CTG 
Gin Leu 

ACC TTA 
Thr Leu 

CAT ATC 
His He 
130 
GCA CGC 
Ala Arg 
145 

TTG TCT 
Leu Ser 



ATT CCA 
He Pro 

TTT CGT 
Phe Arg 

GTG AAA 
Val Lys 
240 
GGG CAA 
Gly Gin 
255 

GAT ACA 
Asp Thr 

TTA CCA 
Leu Pro 

ATG CAA 
Met Gin 

TAT TTG 
Arg Tyr 
320 



TTT CAA 
Phe Gin 

TTG GGA 
Leu Gly 

TTC TTA 
Phe Leu 
210 
GCA TTA 
Ala Leu 
225 

ATT CAT 
He His 

GTT CGT 
Val Arg 

GTA GTG 
Val Val 

ACT TCA 
Thr Ser 
290 
TTC TCA 
Phe Ser 
305 

GGT ATC 
Glu Asp 



Glu Glu Ala Gly Leu Asn Phe Ala Asp Tyr 

70 75 
GAA CCA TAT ACA CGT TTG AAA TTT TGG GAT 469 
Glu Pro Tyr Thr Arg Leu Lys Phe Trp Asp 
85 90 
GAT ATC ACT TCG GAT CTA CAG TCA TTT AAA ACC CAA 517 
Asp He Thr Ser Asp Leu G1d Ser Phe Lys Thr Gin 
100 105 HO 

CGC TCC GAT TTA CCA TTA GCA TTT GAT CGC TGG TAT 565 
Arg Ser Asp Leu Pro Leu Ala Phe Asp Arg Trp Tyr 
115 120 125 

CGT AAA TAT GAG TTA GGT TAC AAA CCC TAT TTA GCC 613 
Arg Lys Tyr Glu Leu Gly Tyr Lys Pro Tyr Leu Ala 

135 140 
TCT ATT TTT GGT TAC TTG CGC CCA GAT GAC CTG ATG 661 
Ser He Phe Gly Tyr Leu Arg Pro Asp Asp Leu Met 

150 155 
TTT CGT CCT TGG GAA AAT TTA TAT CAA CAC TTT TGG 709 
Phe Arg Pro Trp Glu Asn Leu Tyr Gin His Phe Trp 

165 170 
GAT GAG CGT TTA GTC TAT GAT CTG AGA TAT CCG TCA 757 
Asp Glu Arg Leu Val Tyr Asp Leu Arg Tyr Pro Ser 
180 185 190 

ATG CAC CCA ACT GTG GCA TCA AGT GTC TTT AGC CTG 805 
Met His Pro Thr Val Ala Ser Ser Val Phe Ser Leu 
195 200 205 

GAA TTT TCC CAA GGA GTA TGG CAT CCA GTC GGT GGA 853 
Glu Phe Ser Gin Gly Val Trp His Pro Val Gly Gly 

215 220 
GCT CAG GGC TTG GCT AAT GCC GCT CAA GAC TTA GGA 901 
Ala Gin Gly Leu Ala Asn Ala Ala Gin Asp Leu Gly 

230 235 
CTG CAT TCG CCT GTT CAC CAA ATC TGG ATT GAC CAA 949 
Leu His Ser Pro Val His Gin He Trp He Asp Gin 

245 250 
GGT TTG GAA CTG GCT GAT GCT TCT CGC CAT CAG TTT 997 
Gly Leu Glu Leu Ala Asp Ala Ser Arg His Gin Phe 
260 265 270 

AH AAT GCT GAC TTT GCC TAT GCT GTT CGT CAT CTG 1045 
He Asn Ala Asp Phe Ala Tyr Ala Val Arg His Leu 
275 280 285 

GCA CGC GGT CGT TAC ACT GAT AAC AAG CTT GGG CAA 1093 
Ala Arg Gly Arg Tyr Thr Asp Asn Lys Leu Gly Gin 

295 300 
TGC TCT ACC TTC ATG ATC TAT TTA TCA GAC AAT CTT 1141 
Cys Ser Thr Phe Met Leu Tyr Leu Gly He Asn Arg 

310 315 
AAT CGC CGC TAC GAA GAT TTA CCT CAT CAT CAA ATT 1189 
Leu Pro His His Gin He Tyr Leu Ser Asp Asn He 
325 330 
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(13) 



24 



#§1^6-34 34 7 3 



CGC CGA CTT GM CGT CCT TGG GTT GAT GAT TCA GCA CTA GAT GAA ACT 
Arg Arg Leu Glu Arg Pro Trp Val Asp Asp Ser Ala Leu Asp GJu Tnr 
335 340 345 350 

GAT CCA CCA TTT TAT GTC TGT AAT CCT ACA ATT ATC GAC CCC AGT AAT 
Pr ° Pr ° Phe ^ Val <*» Asn Pro Thr lie He Asp Pro Ser Asn 
355 360 365 

GCA CCT GCC GGC CAC AGC ACT m TTT Gn TTA GTA CCA ATT CCC AAC 
Ala Pro Ala Gly His Ser Thr Leu Phe Val Leu Val Pro He Pro Asn 

370 375 sso 

ACT TCT TAT GCT GTT GAC TGG GAT ATT AAA CAA AAA AGC TAT ACA GAT 
Thr Ser Tyr Ala Val Asp Trp Asp He Lys Gin Ly, Ser Tyr Thr Asp 

385 390 395 

TTT ATT CTT AAA CGT TTA CAT TTG CTG GGA TAT CAC MT ATT GAA CAG 
Phe lie Leu Lys Arg Leu His Leu Leu Gly Tyr His Asn He Glu Gin 

400 405 m 

CAC ATT GTT ACC CAA AGT TGT TAC ACA GCA CAA TCT TGG CTT GAT GAT 
H.s lie Val Thr Gin Ser Cys Tyr Thr Ala Gin Ser Trp Leu Asp Asp 
5 420 425 430 

TAT CGC GIT CAT TTG GGT GCT GTG TTT AAT CTC AGC CAC AAT TTG ACT 
Tyr Arg Val His Leu Gly Ala Val Phe Asn Leu Ser His Asn Leu Thr 

335 340 445 

CAG CTT GGG CCC TTT CGT CCA CCC ATC CGT TCG GAA AAT ATT GCC GGA 
Gin Leu Gly Pro Phe Arg Pro Pro He Arg Ser Glu Asn He Ala Gly 

450 455 460 

CTG TAC TGG ATT GGT GGC GCT GTT CAT CCC GGC AGT GCT TTA CTC ACT 
Leu Tyr Trp He Gly Gly Ala Val His Pro Gly Ser Gly Leu Leu Thr 

465 470 475 

ATT TTG GAA GCA TCT CGT AGT GCT GCT GGA TTT ATT CAT CAA GAT TTT 
He Leu Glu Ala Ser Arg Ser Ala Ala Gly Phe lie His Gin Asp Phe 
480 485 490 

GCT TCA ACT GGG TCT TAGCAATCCT GTTCTTTACC TAGCTATTTT TTTTACCCAG 
Ala Ser Thr Gly Ser*** 
495 

AGTCATGTTT AGCTGTCGCA TTCGGATTTT TTAAMTTAA AAATACGAGC TAGTTTAGCA 1784 
ITMCAATCA AAAGCTGTTC TGGATTTTTA CTAGGGCAGC TTTGCTCCTG TGGAATTAAG Z 
ATAAACQGA AACCAATCAC ATACACTCGC TCTGGACACT TGCCACATAT TCAAACAATG 2 
£SS£ ™ ^AAGGCTAC 2 

G ™ Z AGCCTITGM TAmCGreG ^TTTGGGCAG ACACTTCTCG 2024 

GTAGACATCA AATCTCGGTC TGACAAATAT TAATCGGGGG CAAAGAGCGA TC 2076 

40 UOOC-AD^f^-^^^^g 
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(H/ndlll) 



TGA 



AI2 GCT TCT ATG ATA TCC TCT TCC GCT GTG ACA ACA GTC AGC CGT GCC TCT AGG 
[Met Ala Ser Met He Ser Ser Ser A la Val Thr Thr Val SerArg Ala SerArg 

GGGCMTCXJGCCGCAGTGGCTCCATrcGGCGGCCTCAMTCCATGACTGGATTC 
Gly Gin Ser Ala Ala Val Ala Pro Phe Gly Gly Leu Lys Ser Mel Thr Gly Phe 

CX^GTGAAGAAGGTCAACACTGACATTACTT<XJATTACAAGCMTGGTGGAAGA 
Pro Val Lys Lys Val Asn Thr Asp lie Thr Ser lie Thr Ser Asn Gly Gly Arg 



GTA AAG T6C Alfl AAA CCA ACT ACG GTA ATT GGT GCA GGC TTC ■ 
Val Lys Cys [Met Lys Pro Thr Thr Val lie Gly Ala Gly Phe ■ 
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[07] 

* ****** *» 

Zda SPVHQ-IWID QGQVRGLELA DASRHQFDTV VINADFAYAV RHLLPTSARG 293 

Eu-CrtI ARVSH-METT GNKIEAVHLE DGRRFLTQAV ASNADWHTY RDLLSQHPAA 290 

RC-CrtI TEVDEILVSR DGKATGTRLM DGTELPAQW VSNADAGHTY KRLLRNRDRW 2 98 

** ****.• 

Zds RYTDNKLGQM QFSCSTFMLY LGINRRYE DLPHHQIYL SDNIRRLERP 340 

Eu-CrtI VKQSNKLQTK RMSNSLFVLY FGLNHHHD QLAHHTVCF GPRYRELIDE 337 

RC-CrtI RWTDEKLDKK RWSMGLFVWY FGTKGTAKMW KDVGHHTWV GPRYKEHVQD 348 

***** **** **** * 

2d8 WVDDSALDET DPPFYVCNPT IIDPSNAPAG HSTLFVLVPI PNTS — YAVD 388 

Eu-CrtI IFNHDGLAE- DFSLYLHAPC VTDSSLAP EG CGSYYVLAPV PHLG-TANLD 385 

RC-CrtI IFIKGELAE- DMSLYVH RPS VTDPTAAPKG DDTFYVLSPV PNLGFDNGVD 397 

* * 

Zd3 WDIKQKSYTD FILKRLHLLG YHNIEQHIVT QSCYTAQSWL DDYRVHLGAV 438 

Eu-CrtI WTVEGPKLRD RIFAYLEQHY MPGLRSQLVT HRMFTPFDFR DQLNAYHGSA 435 

Rc-CrtI WSVEAEKYKA KVLKVIEERL LPGVAEKITE EWFTPETFR DRYLSPLGAG 447 

* * *** ** * *** * * 

ids FNLSHNLTQb GPFRPPIRSE NIAGLYWIGG AVHPGSGLLT ILEASRSAAG 408 

Eu-CrtI FSVEPVLTQS AWFRPHNRDK TITNLYLVGA GTHPGAGIPG VIGSAKATAG 4 85 

RC-CrtI FSLEPRILQS AWFRPHNASE EVDGLYLVGA GTHPGAGVPS VIGSGELVAQ 4 97 

ZdS FIHQDFASTG S 49g 

Eu-Crt I LMLEOLI ... . . . . . . . . . . . . 4 92 

Rc-CrtI MIPDAPKPET PAAAAPKART PRAKAAq! '. '. . . . . . . . . . . . . . . . . , " 524 
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